Objective: To determine whether nutritional status, anaemia and geohelminth infections were related to school achievement and attendance in Jamaican children. Design: A cross-sectional study using a randomly selected sample. Subjects: Eight hundred children aged 9±13 y randomly selected from those enrolled in grade 5 in 16 primary schools in rural Jamaica. Results: The mean height-for-age of the children was 70.37 z-score AE 1.0 s.d. with 4.9% having heights-for-agè 72 s.d. of the NCHS references. Anaemia (Hb`11 g/dl) was present in 14.7% of the children, 38.3% were infected with Trichuris trichiura and 19.4% with Ascaris lumbricoides. Achievement levels on the Wide Range Achievement Test were low, with children performing at grade 3 level. In multilevel analyses, controlling for socioeconomic status, children with Trichuris infections had lower achievement levels than uninfected children in spelling, reading and arithmetic (P`0.05). Children with Ascaris infections had lower scores in spelling and reading (P`0.05) Height-for-age (P`0.01) was positively associated with performance in arithmetic. Ascaris infection (P`0.001) and anaemia (P`0.01) predicted poorer school attendance. Conclusion: Despite mild levels, undernutrition and geohelminth infections were associated with achievement, suggesting that efforts to increase school achievement levels in developing countries should include strategies to improve the health and nutritional status of children Sponsorship: Funding was provided by the Commonwealth Caribbean Medical Research Council and the InterAmerican Development Bank.
Introduction
Poor achievement levels among primary school children are a major problem in many developing countries. Fewer than 60% of children complete primary schools, and those who do often fail to perform at the desired levels (Lockheed & Verspoor, 1991) . School facilities, availability of textbooks and teacher quality are generally more important predictors of school achievement levels in low income countries than they are in developed countries (Fuller, 1987) . Parental socioeconomic status and home background variables also predict school achievement levels (Simmons & Alexander, 1978; Grantham-McGregor, 1984; Clarke et al, 1991) In recent years, there has been increased awareness that poor health and nutrition may affect children's ability to learn (Pollitt, 1984; 1990; SCN, 1990; Leslie & Jamison, 1990) . Nutritional status has been found to be associated with school achievement in many countries. For example, height-for-age was found to be a signi®cant predictor of school achievement, after controlling for socioeconomic status, in India (Agarwal et al, 1987) , Nepal (Moock & Leslie, 1986 ), Guatemala (Johnston et al, 1987) , Philippines (Florencio, 1988) and Jamaica (Clarke et al, 1991) . Wasting predicted achievement in fewer studies (Popkin & Lim-Ybanez, 1982; Mason-Noel, 1983) .
Iron de®ciency anaemia has also been shown to affect children's cognition . There is evidence that cognitive functions and school achievement are improved with iron treatment in iron-de®cient anaemic children Soewondo et al, 1989; Seshadri & Gopaldas, 1989) .
Missing breakfast may detrimentally affect children's cognitive functions in a laboratory situation (Simeon & Grantham-McGregor, 1989 ) and children reporting being hungry in school or having poor breakfasts have been found to have poor school achievement levels (Popkin & LimYbanez, 1982; Grantham-McGregor, 1989; Clarke et al, 1991) . There is some evidence that school feeding programes improve children's cognition and school achievement (Meyers et al, 1989; Powell et al, 1983; Chandler et al, 1995; Jacoby et al, 1996) .
The impact of geohelminth infections on children's educational achievement is now receiving more attention. Greater than one quarter of the world's population is currently infected with gastrointestinal helminths, the highest prevalence being found among school-aged children (Bundy & Cooper, 1989) . School children infected with Trichuris trichiura and Ascaris lumbricoides tend to have poorer cognitive functions and school achievement than uninfected children (Kvalsvig et al, 1991; Nokes et al, 1992; Simeon et al, 1994) . However evidence of an improvement following treatment is inconsistent (Nokes et al, 1992; Simeon et al, 1995a) .
Most of the above studies focused on one or a few nutritional or health conditions. However, children often suffer from multiple conditions concurrently. Clarke and colleagues (1991) found that in primary school children aged 10±12 y in Kingston, Jamaica, low height-for-age, weight-for-height and haemoglobin levels, poor breakfast and recent illness were signi®cant independent predictors of school failure, in addition to several socioeconomic disadvantages.
Poor health and nutrition may be important contributors to inadequate school performance in rural children. These children are more likely to have geohelminth infections (Bundy & Cooper, 1989) , and may have greater energy expenditure as they often have to walk long distances to school, as well as help with farm work. In the present study we examined a wide range of variables including heightfor-age, body mass index, haemoglobin levels, breakfast history, presence and intensity (eggs per gram stool) of Ascaris lumbricoides and Trichuris trichiura infections, and socioeconomic background in rural Jamaican children, and determined whether they were associated with school attendance and achievement levels.
Methods

Location
The study was conducted in rural communities in four parishes in Jamaica. The communities were predominantly agricultural, with the majority of students coming from homes of small farmers. The communities were linked in most cases by inadequate asphalted roads, and the main form of transportation was by foot, although taxis and buses could be obtained.
Sample
Twenty one primary and all age schools in a de®ned area including parts of the rural parishes of Clarendon, Manchester, St. Ann and Trelawny were identi®ed. Three very small schools (total enrolment less than three hundred and ®fty) and two schools where the Principals did not wish to participate were omitted, leaving a total of 16 schools.
A sample of 809 children in grade 5 were selected from these schools. Approximately 52 students were randomly selected from each school. In schools with fewer than 52 children enrolled in grade 5 (4 schools) all students were chosen. In two larger schools, 60 students were chosen. The number of children was calculated to provide a precise estimate of the average achievement levels in Grade 5 with 90% power and 95% certainty. Of the 809 children chosen 9 were omitted because they were absent from school on multiple visits. There were 417 boys and 383 girls who participated in the study.
Measurements
The Wide Range Achievement Test (WRAT) (Jastak & Bijou, 1946 ) was used to assess school achievement. This test has been used before in Jamaica and found to be reliable (Powell & Grantham-McGregor, 1980; Clarke et al, 1991; Simeon et al, 1994) . The test consists of reading, spelling and arithmetic sub-tests and was administered by four trained testers. The reading test was administered individually to each child, and the arithmetic and spelling subtests were administered in small groups. Attendance was obtained from the class registers for September 1994 to June 1995 and expressed as a percentage of total school days.
All 800 children were given a questionnaire to determine the number of household possessions at home, the quality of their housing and a history of their breakfast on the day of the interview. The number of school materials they brought to school and the quality of their uniforms were also observed. This interview was carried out on the same day or as close to the test day as was possible. The validity of the children's responses concerning socioeconomic conditions was determined by comparing them with observations made in the homes of twenty students, at a later date. The agreement between school answers and home observations ranged from 70±90% with an average of 86%.
The children were weighed on an electronic bathroom scale which was standardized daily. Weights were recorded to the nearest 0.1 kg after children removed their shoes and socks and any heavy objects carried on their person. Standing height was measured using a stadiometer. Heights were recorded to the nearest 0.1 cm using standard procedures (Lohman et al, 1988) . Intermeasurer reliabilities between the two anthropometrists were high (n 97, r 0.99). The measurements were expressed as nutritional indices height-for-age and weight-for-age using the NCHS references (Hamill et al, 1977) , and body mass index (wt/ ht 2 , BMI). Of the 800 children tested, ®ve did not have their weights and heights measured and the ages of a further two children could not be determined so their nutritional status indices could not be calculated.
Approximately 0.2 ml blood was obtained from a ®nger-prick (Dallman et al, 1980) and haemoglobin concentration was measured using a b-Haemoglobin Photometer, HemoCue 1 (HemoCue Inc., Mission Viejo, California) (HudsonThomas et al, 1994). Samples were obtained from 769 children.
Stool specimens were requested from all study children and were obtained from 751 children. The specimens were stored on ice until they were transported to the laboratory twice weekly. They were analyzed using the Kato Thick Smear Method (Martin & Beaver, 1968) to determine the presence and intensity of Ascaris lumbricoides and Trichuris trichiura infections.
Ethical considerations
Permission for the study was obtained from the Ethics Committees of the Faculty of Medicine at the University of the West Indies, the Jamaican Ministries of Health and Education and the Principals of the schools. The parents were asked to sign a consent form before blood and stool were collected from the children. All children with haemoglobin levels below 9 g/dl were referred to a physician or health centre for further attention, and those between 9 and 11 g/dl were treated with ferrous gluconate. Children with Ascaris and Trichuris were treated with Albendazole.
Statistical analyses
In order to reduce the number of variables, ratings were devised for household possessions (radio, refrigerator, tv, stove), standard of housing (toilet facility, water source, light source, crowding), and uniform quality (quality of shoes, clothes/uniform worn to school). A rating of the children's breakfast was also calculated, combining food eaten (none 0, bread and crackers 1, cooked meal or sandwich 2) and beverage consumed (none 0, herbal tea 1, cocoa or milk drink 2).
Univariate analyses were conducted to determine which variables were related to school achievement. Those identi®ed were used in separate multilevel analyses of the WRAT scores in spelling, arithmetic and reading, and attendance. Multilevel analyses were used because of the hierarchical structure of the study to take into account variation in achievement and attendance among the schools (Goldstein, 1995) . Five children were older than thirteen years and were omitted from the analyses because it was unusual for children this age to be in grade 5.
Results
The mean age of the children was 10.8 AE 0.6 y.
School achievement and attendance
The mean school achievement levels for spelling, arithmetic, reading and attendance are given in Table 1 . Girls performed signi®cantly better than boys on all measures of achievement, and attended school more often. Although the children were in grade 5, the mean scores represent achievement at the grade 3 level.
The children reported that they missed school because they had to do farm work (13%), housework (24%), or because they had no money to come to school (28%).
Nutritional and health status
Anthropometric indices expressed as Z-scores of the NCHS references are presented in Table 1 . Approximately 5% of the population had heights-for-age below 72 s.d. and 13.5% of the children had BMIs below the 5th percentile of the references for black American children (Must et al, 1991) . Although some children reported having no breakfast before coming to school, most of them had a milk-based drink (70%) and 67% had a cooked meal or sandwich. Less than 10% of the children reported having nothing to drink (6.5%) or eat (8.1%) before coming to school. The children's mean haemoglobin level was 12.1 AE 1.2 g/dl and ranged from 6.4±15.2 g/dl. Over fourteen percent (14.7%) of the children were anaemic, 38.3% were infected with Trichuris and 19.4% with Ascaris (Table 2 ). There was no association between iron status and intensity of geohelminth infections or between weight and height and geohelminth infections.
Social background
Approximately 80% of the children had access to a clean source of water but only 7% had water inside the house; 95% had a pit or¯ush toilet and just under 70% had electricity in their homes (Table 3) . Eighty-seven percent (87%) of the children reported having a radio in their household, but the other possessionsÐtelevision, stove and refrigeratorÐwere less common. The quality of the children's uniforms was fairly good. Most children had pens, pencils, crayons or exercise books; however, 40% of the children had no textbooks (Table 4) .
Factors associated with school achievement and attendance In univariate analyses, there were modest correlations between the nutrition and health variables and the social background variables. Children with better health and nutritional status tended to come from homes with a better socioeconomic status. For example, height-for-age was positively correlated (r 0.14, P`0.001) with possessions, housing and uniform quality and with the number of school books (r 0.10, P`0.01). Children with higher BMIs and who had a better quality breakfast also came from better homes, as did children with higher haemoglobin levels. Children infected with Ascaris (r 70.13, P`0.001) and Trichuris (r 70.08, P`0.05) infections were more likely to have a poorer social background as indicated by the negative correlations with possessions and housing.
The correlations of school achievement and attendance with health, nutrition and social background variables are presented in Table 5 . School achievement and attendance were correlated with height-for-age but not with BMI. Anaemic children and children infected with Ascaris and Trichuris had lower achievement scores and attendance levels. There were also signi®cant associations between achievement scores in reading and spelling and the children's breakfast history ratings. All the social background variables (possessions, housing, uniform quality, number of text and exercise books and writing tools) were signi®-cantly associated with achievement and attendance.
The results of the multilevel analyses are shown in Table  6 . The effect of each variable is adjusted for all other variables in the model. The younger children performed better in reading and spelling, and girls scored higher than the boys on all three subscales. Taller children performed better in arithmetic, but there was no signi®cant association In all subscales, children who had at least one textbook scored signi®cantly higher than those who had none, and those with more household possessions also had higher scores. The number of exercise books contributed to the variance in spelling and reading and those who had better uniforms had higher scores in reading.
The random parameters indicate the variance of the intercept at the school and pupil level. Most of the variance in achievement was at the pupil level. Variance among the schools accounted for 3.6±7.5% of the total.
The results of the multilevel analysis of attendance are shown in Table 7 . The older children attended school less often, as did those children infected with A. lumbricoides and those who were anaemic. The children who had more books, more household possessions, and who had a better quality of housing attended school more often. Over six percent (6.6%) of the variance in attendance was due to variation among the schools.
Discussion
The associations demonstrated in this study are not necessarily causal as interventions would be required to demonstrate causal links. Nonetheless, the study provides important information for policy makers and suggests that the health and nutrition of primary school children should be considered in strategies aimed at improving school performance.
It is clear that socio-economic conditions were strongly related to attendance. Children from homes with fewer household possessions and poorer standard of housing, and who owned fewer text-and exercise-books were less likely to attend school. Older children also attended school less often. It could be that they were more likely to stay home to help with housework or farming. Even after taking socio-economic factors into account, children with anaemia and Ascaris infection attended school less. Although the mechanism linking Ascaris infection and anaemia to attendance is not clear, it is possible that the children felt less energetic. Social background was also strongly related to achievement. Children from homes with more household possessions and better quality uniforms attained higher scores. Possession of text and exercise books was also associated with better achievement. Many studies have shown the importance of textbooks to children's learning in school (Rutter, 1983; Lockheed et al, 1986; Fuller, 1987; Walker et al, 1994) . The condition of children's uniforms has been associated with achievement in previous Jamaican studies (Clark et al, 1991; Walker et al, 1994) . Associations between books and uniforms with achievement may also re¯ect the importance that parents place on children's schooling, which may in turn be in¯uenced by the child's ability.
Health and nutrition factors made unique contributions to the variance in achievement. Children with Trichuris trichiura infections had lower scores on the achievement 0.12** 0.16*** 0.13*** 0.14*** *P`0.05; **P`0.01; ***P`0.001. c compared with children with 0±1 exercise book. *P`0.05; **P`0.01; ***P`0.001. tests even after controlling for social background. Finding an association between parasitic infections and school achievement was surprising because few children had moderate or heavy infections. Nokes and colleagues (1992) showed that cognition improved with treatment in moderately to heavily infected children, and Simeon and colleagues (1995b) showed an improvement in attendance and spelling in children with heavy infections of Trichuris following six months of treatment with anthelminthics. Studies of the long term effects on school achievement of treating children with mild to moderate infections are limited, and the consistent ®nding of a relationship between Trichuris trichiura infection and children's cognition and school achievement suggests that such studies are needed.
The results of the study also show that Ascaris lumbricoides infections may affect school achievement possibly by lowering attendance, and that even infections of low intensity may have an effect. The ®nding that the children's height-for-age was associated with their achievement concurs with that of other studies (Agarwal et al, 1987; Florencio, 1988; Johnston et al, 1987) , and this suggests that early nutritional de®cits may have persistent effects on children's achievement.
The results of this study emphasize the wide ranging number of disadvantages associated with poor school achievement and attendance. They are similar to those of an earlier study conducted in urban areas (Clarke et al, 1991) . Poor school performance was associated with lower heights-for-age, anaemia, geohelminth infections, coming from poorer homes and having fewer school materials, particularly textbooks. Also, as seen previously in Jamaica (Powell & Grantham-McGregor, 1980 ) boys had lower attendance and achievement levels than girls.
This study also highlights the fact that even mild levels of undernutrition, anaemia and Trichuris infections are signi®cantly associated with poor achievement levels in Jamaican children even after differences in social background are taken into account. Our results suggest that health and nutrition components need to be included in a comprehensive strategy to improve the attainment levels of primary school children.
